We show here that a zebra®sh meis2 gene homolog has a dynamic expression pattern in the developing mesoderm and central nervous system. Meis family homeodomain proteins are known to act as cofactors with other homeodomain proteins. We ®nd expression of meis2.1 in the developing zebra®sh hindbrain and somites, correlating with reported sites of zebra®sh hox gene expression, as well as in presumptive cerebellum, midbrain, retina and ventral forebrain. The expression pattern shares some, but not all, features with that of murine Meis2. q
Results and discussion
Meis genes belong to the TALE (Three Amino Acid Loop Extension) superclass of homeobox genes (Bu Èrglin, 1997) . The vertebrate Meis family comprises at least three paralogs, as identi®ed in mouse and human (Nakamura et al., 1996; Steelman et al., 1997) ; there is a single Drosophila homolog (homothorax, Rieckhof et al., 1997) . To date, only one zebra®sh meis gene has been described, meis3; a limited analysis shows meis3 to be expressed at gastrula stages in the hindbrain primordium (Vlachakis et al., 2000) .
Meis proteins can form heterodimers with Pbx proteins (Rieckhof et al., 1997; Berthelsen et al., 1999; Chang et al., 1997) and heterotrimers with Pbx and Hox proteins (Shanmugan et al., 1999; Shen et al., 1999; Jacobs et al., 1999; Vlachakis et al., 2000) . Here we show that a zebra®sh Meis homolog is expressed in the hindbrain and somites, similar to zebra®sh hox genes, and is also expressed in presumptive cerebellum, midbrain and forebrain structures, anterior to the sites of hox gene expression.
We isolated a zebra®sh meis gene cDNA by PCR (see Section 2). Our amino acid sequence is homologous to those of the four mouse Meis2 protein isoforms (Fig. 1A) , with highest percentage identity within the conserved MH and homeodomains. A neighbor-joining tree shows that the isolated gene is a homolog of mouse Meis 2 (Fig. 1B) . A second closely related meis2 homolog has also been isolated (meis2.2; Cecilia Moens, pers. commun.). We have termed the gene described here zebra®sh meis2.1.
We have investigated expression of zebra®sh meis2.1 between oogenesis and 48 h of development. No maternal expression was detectable. Expression commences at approximately 60% epiboly and is immediately localized to bilateral domains correlating with the hindbrain primordia (Woo and Fraser, 1995) . At the 90±100% epiboly stage the meis2.1 expression domain covers a broader territory from animal to vegetal ( Fig. 2A) . In some embryos at 100% epiboly there is also low level expression at the animal pole that likely pre®gures the forebrain expression detected as somitogenesis begins.
At the 12 h stage (6 somites, s) there are distinct expression domains in the forebrain, midbrain, in rhombomeres (r) 2 and 3 of the hindbrain, and the anterior spinal cord (Fig.  2B ). There is also expression in the anterior half of each somite, but no expression is apparent in the presegmental mesoderm. By the 14 h stage (10s) expression at the r2 level has begun to diminish, but there is now increased expression in r4 (Fig. 2C) , as con®rmed by co-labeling with the r3/r5 marker krox20 (Oxtoby and Jowett, 1983) . High level expression domains in individual cells, or small cell clus- ters, are now apparent in the lateral parts of r1, r2 and r6 ( Fig. 2C arrows) . In the forebrain, bilateral expression domains are present, as seen at the 16.5 h stage. By the 16.5 h stage (15s) the r4 domain has become the region of most intense expression (Fig. 2D) .
At 24 h of development meis2.1 expression within the developing brain is complex (Fig. 2E,F) . In addition to the more dorsal forebrain domain, there is a small additional ventral domain now apparent (arrowheads, Fig. 2F ). In the hindbrain, there are restricted bilateral`stripes' of expression along the dorsal and anterior-most part of rhombomere 1 (presumptive cerebellum), immediately adjacent to the isthmus between mid and hindbrain (Fig. 2E) . This expression domain is absent in the acerebellar mutant (data not shown), which lacks a cerebellum (Brand et al., 1996) . Expression has down-regulated in r2 and r3, with patchy clusters of cells continuing to express ventrally, at or close to the r1/2 and r2/3 boundaries (below focal plane in Fig. 2E ). Expression remains elevated, albeit patchy, in r3, with no expression apparent medially; as con®rmed by sectioning through r3 (Fig. 2G) . Expression levels are also high in r4, and unique to this rhombomere there is also medial expression, again as con®rmed by sectioning (Fig.  2H) .
At 30 h of development the cerebellar expression domain has become very tightly localized to narrow bilateral stripes just posterior to the isthmus, which now meet at the dorsal midline (Fig. 2I) . In the hindbrain, there is a small ventral expression domain at the r1/r2 boundary, but negligible expression within r1 or r2 (Fig. 2I) . Expression in r3 and r4 remains at elevated levels. There is a low level expression domain in a population of cells posterior to the otic vesicle, possibly in the 3rd or more posterior pharyngeal arches (Fig.  2I) . Between 30 and 48 h this basic pattern of expression is retained, but by 36 h we additionally detect expression in the developing retina (Fig. 2H ).
In conclusion, zebra®sh meis2.1 has a very dynamic expression pattern, particularly within the developing hindbrain. The expression overlaps with that of zebra®sh hox genes in r2 and more posteriorly within the CNS, and in the somites (Prince et al., 1998a,b) , but also extends more anteriorly. This expression pattern shares some characteristics with that of the murine Meis 2 ortholog, but also shows obvious differences. In particular we do not ®nd expression of zebra®sh meis2.1 in the ®rst two pharyngeal arches, or in the limb buds, as described for mouse (Cecconi et al., 1997; Capdevila et al., 1999) . Furthermore, the tightly localized cerebellar expression that we ®nd for zebra®sh meis2.1 has not been described for mouse Meis genes. Alignments performed using CLUSTALX (Thompson et al., 1997) , complete sequence identity is indicated by`*'. (B) Neighbor-joining tree to show the phylogenetic relationships between Meis proteins. Based on ClustalX alignment of amino acid sequences of Meis gene family members from mouse, Xenopus, zebra®sh and Drosophila. Sequence accession numbers: Mouse Meis 1 Q60954; Mouse Meis 2 P97367; Mouse Meis 3 P97368; Xenopus Meis 1 P79937; Xenopus Meis3 AAD02948; Drosophila HTH AAC47759; displayed using NJ-Plot (Perriere and Gouy, 1996) , scale refers to branch lengths, bootstrap values based on 1000 replicates are shown. 
